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Abstract: The development and utilization of solar energy, a clean resource, is regarded as a
crucial approach to alleviate the global energy crisis and environmental pressure. However,
traditional solar energy utilization systems still face multiple technical bottlenecks, such as the
photoelectric conversion efficiency being affected by temperature, low comprehensive energy
efficiency of the system, and the temporal and spatial mismatch between energy supply and
demand. Therefore, this paper proposes an integrated temperature control and heat storage
photovoltaic/thermal system combining multi-layer microchannels and shaped phase change
materials. An experimental test platform was constructed to compare and analyze the
thermoelectric performance of a conventional PV system, a PV-PCM hybrid system, and the
novel integrated system proposed in this study. The effects of key parameters, including solar
irradiance, working fluid flow rate, and PCM mass, on the operational characteristics of the
system were emphatically investigated. The experimental results demonstrate that the
integrated temperature control and heat storage PV/T system exhibits excellent
comprehensive performance. At a solar irradiance of 1000 W/m?, the maximum operating
temperature of the PV cells can be controlled within 55.3°C, and the electrical and thermal
efficiencies of the system reach 12.8% and 24.7%, respectively. Compared with the
conventional PV system and the PV-PCM hybrid system, the overall efficiency of the proposed
system is increased by 29.2% and 46.2%, respectively, with a maximum value of 58.3%.
Further analysis reveals that with the increase in solar irradiance, the electrical efficiency,
thermal efficiency, and overall efficiency of the system show a downward trend, while the
maximum output power continues to rise. In addition, increasing the working fluid flow rate in
the microchannels and the loading mass of PCM can significantly reduce the operating
temperature of the PV module and enhance the electrical and thermal efficiencies of the
system. On the other hand, under non-solar irradiance conditions, the system can effectively
delay the cooling and solidification process of the PCM. Compared with the traditional PV/T
system, the thermal retention time of the heat storage unit is extended from 78 min to 154 min.
Keywords: photovoltaic/thermal system; multi-layer microchannel; phase change material;
thermal energy storage; thermal management

G IRRHR UL R IR 7 A BRAEIESE ™. BEFCIESE, JefRBGR R BT 1C, HotH
FUSIAEETS 3, ] A REUR DL PR IR A BER B R i T 1% 0.4%~0.5%" . SILFIN, 2500
TIFURERIAGRAFE, B RN BRIt AR ERVIAAAE R BORA R RS R AR LA
wiez M, fEARZ W HARER T, KR SR ESMHIL H120 7 HRBARRE— D K e,
EHAG) 2 EFEEHERS, TFERZBEA ik, BTN SR K REEROE IR (photo-
Tz ar e, Bl KBAREAAH T N ZMHE  voltaic/thermal, PVIT), it #8& GARA M 55K
J6R K Hi(photovoltaic, PV)EEARFEHFIH (pho-  #, LR 5HGERITH A il ARk 7
tothermal, PT)EA®., Hrf, KEHGEPV AL  H— RGUE AL R A B 2 R U8 R T5 i (1 )= R
BHAME R BHERACEE 5, EURAMHF 1, BFRT RGN,

RERHRF S8 B R R R A AL e e, HoR e R A BEHAT, PVIT ARG ORI BRI AW
WA R, FHAMFERETI M ABEREIE 1, FFEMSEEE B R . SR, anfrit—



% 3 4

WRES T AR S OB IE S5 ARAR AR B BE G IR/ R GE ST 7T 749

A FER AL RS B e S B ek R, A2
B AIF 5T 60 M 52— . A AE 4 B (phase change
material, PCM)k|H &4 & [ fif #4555 B Al T8 5
MAHAR IR E, B IA A SO AR AR B R S &
GUINBEAEAT A ROEE, SR TENAMERT)Z
AR, FENARIE T, BTN UK AR AR A
BHERCT YGARME &, R AR M LA AR T
R S ARR I, BT 9 o rRLRE 3 A 11
JE R, M B AR L T R B 5 52 T o H B 4 K
09 Huang! e @ AR BOGR R G 5 AXUZ
TSRS H AT T SRR AL . S5 REW, BH
ARG AR H It 1) A SR R DA 4 il 4E 25°C
Btz . Malvi 514 B LR B, A MRS
FARMRA G, P PR CAR R A, A Ak
T 9%, Luo 5"l it A 4E S BRI, 4
FRARAE R4 1) A BH BE PV 2 408 B H A 57 10 4, 2 O
PErERe. MATRIRIIAE AR, Jetk it i (IR
& i 79.72°C % % 57.39°C , 4T ¥ HL R K 4R T
10.15%. SR, BT A MR R DhRE 2 R
T HARAPE BB AE B, AR BE SN BT s 4
REMA BERI SR . EAMOGERL T B e EIT
REIR, WIRE T REBEARGER I — BRI

SN SE I AH AR B R i A7 FARE I R S OR L
— i DL (RO T K AR AR A TR i R TG AR A
PVIT % 4t +"*", Modjinou 5% i@ i X} Lk 5256 &
B, G SOEAR R T B ORBHBER FH R 4
o H ¥ B AL R 53 5l O 28.76% F117.95%,
AR N36.71%, BER T HEGEIERPVIT &
4t . Hosseinzadeh &4 A it AH A8 b4 KA o £0 2%
T PVIT KGR E B, SL10M &R %I
B NIRRT E 51.66%. AL, FuZE®
8 Sk I 6 W RN S AR ULBIE T T 4R BOAH AR A R
PVIT 24 (vt fie . WF5C R I, 8 B AHAS A1k
I, FR G R AR 50 B2 1% 1 24.3%
SR, R RLRE A R T R 1 RE =
M2, HZRTFHEA R ARMERTZE, A
IBEAEKR, SR E M LURGEY B, R
F M PR 3A I A AT TH G PR Bk . IR, g
E TR IO BRI I Bk = A A R I e, 55
A G BUR BT, KIRHISS T RS 0GR H
B R0 5 I B AR T

EEX LR, AT A 2 R ROBIE S e

HEMAREL, M T Mo R - A
PVIT £4t. A Z G n] @ fodiE A T R i V)
e, SEHLEKI PRSI, RO IRR e i B AR AL
FOBLZ 52 1 im Rt I 5 e R PR . I8 22 RN o T8
WL, AR R I BE R R . HLAT
AR5 S B F BE 75 SR G K, 3l IR IR 7K At e 2
SRR R A7 K HvBE . 2T RSB T R4t H
[ e RO R L R T R RE I DRl 5 15 I B 5
W B — R T fE,  BEWEAT U R BOEIE & PVIT
HUHABE TR B AACR AL, AR MR PVIT
fil FARE T v (E e B R SRR O [ 7 J o A LAt
b, SERAEIF B TR FIRFARIREE . TR E
LR AR 2 380 5 0 R GEs AT R RE IV AT
RANRIL TR L PVIT R Ge b T2 2k
L OPRIRRCR . BEARRE R L R IR Ak I 2
PENLE] . AHTIT B R4 R AR B e 45 & R TR it
WBOR GRS TR KA .

1 R RSBt

1.1 BEMBE-HTMRNFHE KA PVIT R

it

AW 58 32 ) PV+MICRO+PCM # & £ 4 1
R K P RS R it . 2 ERUBE R B, PCM
JZ R RRZHR, RSB R, SLin ik
FH I 6AR BB AR R <) A 120 mmx85 mmx1.5 mm,
BEREANS5V, BUENFEN1.5W. FHusiEH %
W2 A (B 1 mm) 5 &S S (E1 mm)Z B S
JEEHIAR, Bk Fara . W OOKRE I
NEEEZ b, H A& FAE AR A N S e By 7K e 247 3%
. PCM JZ 3% F i BABE 78 A A i (1 A= 4 o 52 7 %
FHASRE AR A2 RL DL 553 £ 40% /N 22 R T
AR 5 10% B2 A S8R 3R, 51N 50% H
FRAHAZ A0, R A RNR B0EG %5 2], S50
BRI, ZMEHO G RIEH] 3.08 W/(m-K), A2
AT DAL $ 105.32 Jig. 3 H 2B H MR AR 1 4
R R FE e, 7E 100 AEFR IR 7T J5 AT
AR A PRI 5 %5 G AR AR A E R
HSHHITEA.
1.2 LRFEREBITRE

N IE PV+MICRO+PCM i & & 45 1) 7] 47 ¥
FA M, AR E T KHBERIAR GG A
PEREMNR &, WE 2R, WF & 3 BT



5 # A 2026 F5 15 %

B
SN

v S B

] B : | VI
%%ﬁjﬁf | {Mﬁﬁ(

ok

HAR
/’

e B2 AMREERRIARGEAMENLTE
: Fig. 2 Comprehensive performance test platform for
solar PV/T systems
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Fig. 1 Geometric configuration of solar PV/T system
integrated with microchannels and PCM
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Fig. 3 Schematic diagram of the three-stage operation modes of the PV+MICRO+PCM system
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Fig. 4 Schematic diagram of comparative experiments: (a) PV system, (b) PV+PCM system and (c) PV+MICRO+
PCM system
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Fig. 5 Schematic diagram of the physical model for
the PV-Microchannel-PCM system
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Fig. 6 (a) PV temperature, (b) PCM temperature, (c) electrical efficiency and thermal efficiency, (d) P-V
characteristic curves of photovoltaic modules for different systems
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Fig. 7 (a) PV temperature, (b) PCM temperature, (c) electrical and thermal efficiency, (d) photovoltaic P-V
characteristic curves of the system under different irradiance levels
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Fig. 8 (a) PV temperature, (b) PCM temperature, (c) electrical and thermal efficiency, (d) P-V characteristic
curves of the system under different flow rates
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Fig. 9 (a) PV temperature, (b) PCM temperature, (c) electrical and thermal efficiency, (d) P-V characteristic
curves of the system with different PCM masses
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